Moderate resolution remote sensing data, such as Landsat satellite image, has been widely used in mapping land cover land use and changes at regional scale. However, at national to global scale, remote sensing data were more often used at designed samples or for interpretation of remote regions, which has resulted in gaps between remote sensing and inventory derived estimation. We used the GLCF forest cover change (GFCC) map at a 30-meter resolution between 2000 and 2005 produced by the Global Land Cover Facility (GLCF), and compared the GFCC estimation against the report from China's National Forest Inventory (NFI). Two forest definitions, minimum 20% and 30% tree cover, were used in mapping to match forest definitions used by the International Geosphere-Biosphere Programme (IGBP) and NFI respectively. Significant disagreements were observed: for provinces with low forest cover, NFI report is generally higher than GFCC estimation; on the other side, remote sensing observed more forest cover than inventory for provinces with high forest cover. Reforestation reported by forestry inventory is observed by remote sensing data, however the net forest increase reported by NFI is not supported by GFCC due to the wide spread forest loss happened in China.
INTRODUCTION
The global forest resource assessment 2010 (FRA 2010) [1] reported that global forest area decreased by 2% from 1990 to 2000. Gross forest cover loss mapped using satellite imagery indicates that 3.1% of the total forest area was lost from 2000 to 2005, which represents 1,011,000 km 2 of forest [2] . Until 2010, global forest continued decreasing, as reported by FAO [1] with an annual net loss rate of 0.14%, which represents 55,810 km 2 of land area. However, it has been reported that a continuous and steady increase of forest area took place in China at a rate of 19,860 km 2 /yr, 32,090 km 2 /yr, and 27,630 km [1] . China has carried out seven National Forest Inventory (NFI) from 1972 to 2008, reporting that forest cover increased from 12.7% in 1976 to 18.21% when the sixth inventory finished in 2003 [3] , and then to 20.36% in 2008 when the seventh NFI was completed. At the same time there were multiple afforestation projects funded by Chinese government over the entire country [4] . However, remote sensing data failed to provide an observational evidence for the continuous net forest gains as reported by NFI [5] . Besides, the NFI data do not include any information on the spatial distribution of forest cover change. As a result, wall-to-wall remote sensing image with multi-temporal coverage could be very useful in identifying the location and time of forest cover change.
This paper used the GLCF forest cover change (GFCC) data produced by the Global Land Cover Facility (GLCF) at University of Maryland, College Park from Landsat imagery at a 30-m resolution [9] . For the period of 2000-2005 we estimated forest cover and change in China based on two forest definitions. We compared the GFCC data to the sixth and seventh NFI reports which represent the similar epoch as GFCC [2000] [2001] [2002] [2003] [2004] [2005] . This work will reveal the spatial distribution of forest cover and change, and further improve the evaluation of the effectiveness of forestry policy in China.
METHODOLOGY
The GFCC map was produced by the GLCF at 30-m resolution [6] , which includes five major classes: persistent forest, persistent non-forest, forest loss, forest gain, and water for period between 2000 and 2005. It is derived from the 30-m continuous field of tree cover (VCF) [7] which allows the extraction of forest cover with various forest definitions of tree cover. The 30-m VCF product improves the understanding of forest cover and change for small regions, which is otherwise not available from coarse resolution products. It also solved the problems such as overestimation of sparse forest and underestimation of dense forest found in coarse resolution data [7] . The accompanied uncertainty layer of VCF makes the extraction of forest change more reasonable statistically [7] . As a result, the GFCC product is capable to map global forest cover and change at various forest definitions and at 30-m. Since 1994 China adopted a forest definition of 20% tree cover for its forest resource inventory [8] , while IGBP defined forest as higher than 30% tree cover. In order to be consistent with the forest definitions both in NFI and IGBP, we applied the VCF based FCC mapping method using both 20% and 30% tree cover definition to map forest cover change. Forest cover rate at 2000 and 2005 epochs and forest cover change (including forest gain and loss) rate were calculated from the GFCC 2000-2005 map. Forest gain class is defined as pixels that changed from non-forest to forest; and forest loss is defined as the opposite. The sixth and seventh NFI data for each province of China were downloaded from Data Sharing Infrastructure of Earth System Science (www.geodata.cn). Provincial level statistics on forest land were assumed to be comparable to forest cover derived from GFCC map in this study. The forest land, which is a second-level class included in woodland class, is defined as land with higher than 20% tree cover within an area larger than 0.067 hm 2 (1 hm 2 = 1 ha) [11] . The first-level woodland class includes forest land, open forest land, shrub land, non-woodland, nursery, bald woodland, land suitable for forestry.
Area of forest land was calculated from the GFCC data for each province individually, and was compared against the data from the sixth inventory (NFI6) and the seventh inventory (NFI7) for the year of 2000 and 2005 respectively. Inventory-based net forest cover change was calculated by subtracting NFI7 from NFI6, where positive value indicates forest increase and negative means loss. Since both forest gain and loss were mapped by the GFCC product, gross rates of gain and loss were directly derived; and the net change was calculated by subtracting the gross loss from gross gain which shares same meaning as the net change from NFI.
3. RESULTS
Forest cover in 2000 and 2005
Maps of forest cover in 2000 and 2005 with varying definitions and the gross forest loss at a five-year interval are shown in Figure 1 , which have been aggregated to 5 km for demonstration purpose. The overall extent of forest cover doesn't vary much when changing forest definition from minimum 30% to 20% tree cover; however regions with dense forest cover (>50%) were larger under the 20% tree cover definition. The distribution of sparse forest region with forest cover less than 20% kept stable. As shown in Figure 2 there are substantial differences between forest cover rates estimated from GFCC and NFI for most provinces. For 2000, NFI reported a higher forest cover for provinces especially in north China dominated by sparse forest cover. In provinces with medium forest cover, the two data sets have similar estimates. For provinces in the south with dense forest cover such as Guangdong and Fujian, NFI did not report as much forest as remote sensing estimates, even under the "30%" tree cover definition. Similar trends were found in data sets for the year of 2005. 
Forest loss and gain between 2000 and 2005
As shown in the Figure 1c and 2c, it was observed by remote sensing data that forest was thinning in almost all forested regions in China at a rate of approximately 5-10% of the total area during the five-year period. Several forest loss hot spots spread from northeast to south China. The magnitude of overall forest loss is higher when adopting the 1a 2c 2b 2a 1c 1b "30%" forest definition, indicating that forest loss happened more often to forest land with denser tree cover. Figure 3 showed the gross forest gain and loss during the 5-year period mapped by remote sensing data with the "30%" definition, and also the net forest change from remote sensing and NFI respectively. The trend was similar to that from the previous study [5] , which indicates that net forest change reported by NFI in China (dotted grey line) were not detected using remote sensing observations (solid grey line). Shaanxi, Henan and Hubei provinces were detected by GFCC data with the highest percent of net forest increase close to 2%, followed by Shanxi, Liaoning, Beijing and Heilongjiang of around 1%. Most of the other provinces also showed forest area declined from 2000 to 2005.
Although it did not show much net forest increase, GFCC still captured the forest gain in many provinces, particularly in those with medium to high forest cover. For instance, Henan, Shanxi, Liaojing, Sichuan, Shaanxi, Heilongjiang, Hubei, Hainan and Guangxi showed around 1-3% forest gain to their province area. Other provinces also have forest gain at relatively low magnitudes. This nationwide forest gain is likely to be driven by various forestry programs such as Grain-to-Green project [10] .
Meanwhile, it is observed that forest loss was accompanying forest gain in almost all the provinces with change rates as high as 2.5%. For the provinces originally dominated by dense tree cover such as Zhejiang and Fujian, Yunnan, and Guizhou in 2000, the magnitude of forest loss rate is much higher than that of forest gain. For provinces with bare forest resource such as Henan, Shanxi, Shaanxi, forest loss still existed although with lower rates than their gains. As a result, the net increase of forest cover in China is very marginal.
Accuracy of GFCC map
Accuracy assessment was carried out for the version of GFCC data used in this study. Validation points were collected worldwide and the inclusion probability was considered when calculating accuracies. Considering the fact that forest change classes only take a very small proportion, forest/non-forest map for single epoch of 2000 and 2005 should have accuracy similar to each other for persistent forest and non-forest classes in the change product. The GFCC dataset with IGBP's 30% tree cover threshold has been evaluated to have an overall accuracy of 89%.
DISCUSSION AND CONCLUSION
The GFCC product mapped global forest cover change between 2000 and 2005 epoch at a 30-m resolution. As an input product, the global tree cover product at 30m allows the forest cover and change to be mapped with designated forest definitions of different tree cover threshold. We derived forest cover and change maps for China using two forest definitions, the minimum 20% and 30% tree cover. The estimated forest cover and change rates were compared against the equivalent measurements in sixth and seventh NFI. The differences lead us to some further thoughts. By comparing forest cover and forest cover change from two data source, NFI and GFCC, we found that substantial differences occurred in most provinces. First, neither 20% nor 30% tree cover definition makes the remote sensing estimates agree with the NFI report. Second, GFCC didn't map the high increase of forest cover reported by NFI. These differences are potentially caused by 1) confusion of forest land use versus forest cover used in NFI; 2) uncertainty in aggregating field measurements to get national/provincial report; 3) planted forest is not tall and dense enough to be observed by remote sensing images; and 4) errors existed in remote sensing forest cover change product. The observed phenomenon could also indicate that different provinces performed differently in field inventory and in making province level report. Figure 2 . Differences of forest cover derived from NFI and GFCC for 2000 and 2005 epochs. Provincial values are NFI forest cover minus GFCC forest cover with "20%" and "30%" forest definitions. Positive value means NFI reported higher forest cover than GFCC, and negative represents the opposite.
In conclusion, the comparison shows disagreement between remote sensing derived forest area and NFI reports, by that the former is lower than the latter in low forest density areas and higher in densely forested areas. In addition, net increase of forest cover reported by the Chinese government is not yet observable from satellite imagery. Very low net increase has been mapped in several provinces; however, net forest loss occurred in most provinces. At last, although forest gain has been mapped in densely forested provinces, forest loss still occurred at the same time, which weakened the effectiveness of afforestation/reforestation programs. Further effort is urgently needed to investigate the uncertainty embedded in NFI and to understand the cause of the differences between inventory and remote sensing products. Corresponding forest cover loss and gain causing the net change are shown in red and green bars for each province. The value of gross change corresponds to the right y-axis. The net forest change value corresponds to the left y-axis. GFCC map with forest definition of higher than 30% tree cover is used here.
